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MECHANICAL SCIENCE* 
By Sir W. Armstrong, C.B., D.C.L., LL. D., F.R.S. 

The astonishing progress which has been made in the 
construction and application of machinery during the 
half century which has elapsed since the nativity of the 
British Association for the Advancement of Science, is a 
theme which I might with much complacency adopt in 
this address, but instead of reviewing the past and ex- 
ulting in our successes, it will be more profitable to look 
to the future and to dwell on our failures. It is but jus- 
tice to say that by growing experience, by increasing fa- 
cilities of manufacture, and by the exercise of much skill 
and ingenuity, we have succeeded in multiplying and ex- 
panding the applications of our chief motor, the steam- 
engine, to an extent that would have appeared incredible 
fifty years ago ; but the gratulation inspired by this suc- 
cess is clouded by the reflection that the steam-engine, 
even in its best form, remains to this day a most waste- 
ful apparatus for converting the energy of heat into mo- 
tive power. Our predecessors of that period had not the 
advantage of the knowledge which we possess of the 
true nature of hea', and the conditions and limits affect- 
ing its utilization. In their time heat was almost uni- 
versally regarded as a fluid which, under the name of 
caloric, was supposed to lie dormant in the interstices of 
matter until forced out by chemical or mechanical means. 
Although Bacon, Newton, Cavendish, and Boyle all 
maintained that heat was only internal motion, and al- 
though Davy and Rumford not only held that view, but 
proved its accuracy by experiment, yet the old notion of 
caloric continued to hold its ground, until in more recent 
times Joule, Meyer, Codling, and others, put an end to all 
doubt on the subject, and established the all-important 
fact that heat is a mode of motion having, like any other 
kind of motion, its exact equivalent in terms of work. 
By their reasonings and experiments it has been definitely 
proved that the quantity of heat which raises the tem- 
perature of a pound of water i° Fahrenheit, has a me- 
chanical value equal to lifting 772 lbs. one foot high, and 
that conversely the descent of that weight from that 
height is capable of exactly reproducing the heat ex- 
pended. 

The mechanical theory of heat is now universally ac- 
cepted, although a remnant of the old doctrine is dis- 
played in the continued use of the misleading term 
"latent heat." According to the new theory, heat is an 
internal motion of molecules capable of being communi- 
cated from the molecules of one body to those of another, 
the result of the imparted motion being either an increase 
of temperature, or the performance of work. The work 
may be either external, as where heat, in expanding a 
gas, pushes away a resisting body, or it may be internal, 
as where heat pulls asunder the cohering particles of ice 
in the process of liquefaction, or it may be partly internal 
and partly external, as it is in the steam engine, where the 
first effect of the heat is to separate the particles of water 
into vapor, and the second to give motion to the piston. 
Internal as well as external work may be reconverted into 
heat, but until the reconversion takes place, the heat 
which did the work does not exist as heat, and it is delu- 
sive to call it " latent heat." All heat problems are com- 
prised under the three leading ideas of internal work, ex- 
ternal work, and temperature, and no phraseology should 
be used that conflicts with those ideas. 

The modern theory of heat has thrown new light upon 
the theory of the steam-engine. We now know what is the 
mechanical value in foot pounds of the heat evolved in the 
combustion of one pound of coal. In practice we can 
determine how much of that heat is transmitted to the 
water in the boiler, and we are taught how to calculate 
the quantity which in the process of vaporisation takes 
the form of internal work. We can determine how much 
disappears in the engine i n the shape of external work, 
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including friction, and the remainder.with the exception of 
the trifling quantity saved in the feed-water, we know to 
be lost. Taking a good condensing engine as an example, 
we may roughly say that, dividing the whole heat energy 
into ten equal parts, two escape by the chimney, one is 
lost by radiation and friction, six remain unused when the 
steam is discharged, and only one is realized in useful 
work. It may be fully admitted that the greater part of 
the aggregate loss is inevitable ; but are we to suppose 
that the resources of science, ingenuity, and skill have 
been exhausted in the attainment of so miserable a re- 
sult ? Nothing but radical changes can be expected to 
produce any great mitigation of the present monstrous 
waste, and without presuming to say what measures are 
practicable and what are not, I will briefly point out the 
directions in which amelioration is theoretically possible, 
and shall afterwards advert to the question whether we 
may hope to evade the difficulties of the steam-engine 
by resorting to electrical methods of obtaining power. 

To begin with the loss which takes place in the appli- 
cation of heat to the boiler ; why is it that we have to 
throw away, at the very outset of our operations, twice as 
much heat as we succeed in utilizing in the engine ? The 
answer is, that in order to force a transmission of heat 
from the fire to the water in the boiler, a certain excess of 
temperature over that of the water must exist in the fur- 
nace and flues, and the whole of the heat below the re- 
quired excess must pass away unused, except the trifling 
portion of it which disappears in the production of 
draught. Further, that since we cannot avoid admitting 
the nitrogen of the air along with the oxygen, we 
have to heat a large volume of neutral gas which 
has no other effect than to rob the fire. Con- 
sidering what efforts have been made to facilitate the 
transmission of the heat by augmenting the evaporative 
surface, and using thin tubes as flues, it is vain to expect 
any great result from further perseverance in that direc- 
tion, and unless a method can be devised of burning the 
fuel inside instead of outside the apparatus, so as to use 
the heated gases conjointly with the steam as a working 
medium in the engine, a remedy appears to be hopeless. 
We already practice internal combustion in the gas-en- 
gine, and it is clear that with gaseous fuel, at all events, 
we could associate such a mode of combustion with the 
vaporization of water. We may even regard a gun as 
an engine with internally-burnt fuel, and here I may re- 
mark that the action of heat in a gun is strictly analo- 
gous to that of heat in a steam-engine. In both cases 
the heat is evolved from chemical combination, and the 
resulting pressures differ only in degree. The gun is the 
equivalent of the cylinder, and the shot of the piston, and 
the diagrams representing the pressure exerted in the 
two cases bears a close resemblance to each other. 
While the powderis burning in the gun we have a nearly 
uniform pressure, just as we have in the cylinder while 
the steam is entering, and in both cases the uniform 
pressure is followed by a diminishing pressure, repre- 
sented by the usual curve of expansion. If in the steam- 
engine we allowed the piston to be blown out it would 
act as a projectile, and if in the gun we oppose mechan- 
ical resistance to the shot, we might utilize the effect in a 
quieter form of motive power. But it is a remarkable 
fact that such is the richness of coal as a store of me- 
chanical energy that a pound of coal, even as used in the 
steam-engine, produces a dynamic effect about five times 
greater than a pound of gunpowder burnt in a gun. I 
cannot, however, on this account encourage the idea that 
steam maybe advantageously substituted for gunpowder 
in the practice of gunnery. 

And now to turn from the fire which is the birthplace 
of the motive energy, let us follow it in the steam, to the 
condenser, where most of it finds a premature tomb. 
From the point at which expansion commences in the 
cylinder the temperature and pressure of the steam begin 
to run down, and if we could continue to expand indefi- 
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nitely, the entire heat would be exhausted, and the 
energy previously expended in separating the water into 
steam would be wholly given up in external effect ; but 
this exhaustion would not be complete until the absolute 
zero of temperature was reached (viz., 461° below the 
zero of Fahrenheit). I do not mean to say that an 
ideally perfect engine necessarily involves unlimited 
expansion, seeing that if instead of discharging the 
steam at the end of a given expansion, we made the 
engine itself do work in compressing it, we might, 
under the conditions of Carnot's reversible cycle so 
justly celebrated as the foundation of the theory of the 
steam-engine, recommence the action with all the unutil- 
ized heat in an available form. But an engine upon this 
principle could only give an amount of useful effect cor- 
responding to the difference between the whole work 
done by the engine, and that very large portion of it ex- 
pended in the operation of compression, and this differ- 
ence viewed in relation to the necessary size of the en- 
gine, would be quite insignificant, and would in fact be 
wholly swallowed up in friction. Carnot did not intend 
to suggest a real engine, and his hypothesis therefore 
takes no cognizance of losses incident to the application 
of an actual fire to an actual boiler. His ideal engine is 
also supposed to be frictionless, and impervious to heat 
except at the point where heat has to be transmitted to 
the water, and there the condition of perfect conduction 
is assumed. In short an engine which would even ap- 
proximately conform to the conditions of Carnot's cycle 
is an impossibility, and a perfect steam-engine is alike a 
phantom whether it be sought for in the cyclical process 
of Carnot, or under the condition of indefinite expansion. 
Practically we have to deal with a machine which, like 
all other machines, is subject to friction, and in expan- 
ding the steam we quickly arrive at a point at which the 
reduced pressure on the piston is so little in excess of the 
friction of the machine as to render the steam not worth 
reiaining, and at this point we reject it. In figurative 
language we take the cream off the bowl and throw away 
the milk. We do save a little by heating the feed water, 
but this gain is very small in comparison with the whole 
loss. What happens in the condenser is, that all the re- 
maining energy which has taken the form of internal 
work is reconverted into heat, but it is heat of so low a 
grade that we cannot apply it to the vaporization of water. 
But although the heat is too low to vaporize water it is not 
too low to vaporize ether. If instead of condensing by 
the external application of water we did so by the similar 
application of ether, as proposed and practised by 
M. du Trembley twenty-five years ago, the ether would 
be vaporized, and we should be able to start afresh with 
high tension vapor, which in its turn would be ex- 
panded until the factional limit was again reached. At 
that point the ether would have to be condensed by the 
outward application of cold water and pumped back, in 
the liquid state, to act over again in a similar manner. 
This method of working was extensively tried in France 
when introduced by M. du Trembley, and the results 
were sufficiently encouraging to justify a resumption of 
the trials at the present time, when they could be made 
under much more favorable conditions. There was no 
question as to the economy effected, but in the discus- 
sions which took place on the subject it was contended 
that equally good results might be attained by improved 
applications of the steam, without resorting to an addi- 
tional medium. The compound engine of the piesent 
day does in fact equal the efficiency of Du Trembley's 
combined steam and ether-engine, but there is no reason 
why the ether apparatus should not confer the same ad- 
vantage on the modern engine that attended its applica- 
tion to the older form. The objections to its use are 
purely of a practical nature, and might very possibly 
yield to persevering efforts at removal. 

I need scarcely notice the advantage to be derived from 
increasing the initial pressure of the steam so as to 



widen the range of expansion by raising the upper limit 
of temperature instead of reducing the lower one. It 
must be remembered, however, that an increase of tem- 
perature is attended with the serious drawback of in- 
creasing the quantity of heat carried off by the gases 
from the fire, and also the loss by radiation, so that we 
have not so much to gain by increase of pressure as is 
commonly imagined. 

But even supposing the steam-engine to be improved 
to the utmost extent that practical considerations give us 
reasons to hope for, we should still have to adjudge it a 
wasteful though a valuable servant. Nor does there ap- 
pear to be any prospect of substituting with advantage 
any other form of thermodynamic engine, and thus we 
are led to inquire whether any other kind of energy is 
likely to serve us better than heat, for motive power. 

Most people, especially those who are least com- 
petent to judge, look to electricity as the coming panacea 
for all mechanical deficiency, and certainly the astonish- 
ing progress of electricity as applied to telegraphy, and 
to those marvellous instruments of recent invention 
which the British Post Office claims to include in its 
monopoly of the electric telegraph, as well as the won- 
derful advance which electricity has made as an illumin- 
ating agent, does tend to impress us with faith in its 
future greatness in the realm of motive power as well. 

The difference between heat and electricity in their 
modes of mechanical action is very wide. Heat acts by 
expansion of volume which we know to be a necessarily 
wasteful principle, while electricity operates by attraction 
and repulsion, and thus produces motion in a manner 
which is subject to no greater loss of effect than attends 
the motive action of gravity as exemplified in the ponder- 
able application of falling water in hydraulic machines. 
If then we could produce electricity with the same facility 
and enconomy as heat, the gain would be enormous, but 
this, as yet at least, we cannot do. At present by far 
the cheapest method of generating electricity is by the 
dynamic process. Instead of beginning with electricity 
to produce power, we begin with power to produce elec- 
tricity. As a secondary motor an electric engine may, 
and assuredly will, play an important part in future ap- 
plications of power, but our present inquiry relates to a 
primary, and not a secondary, employment of electricity. 
Thus we are brought to the question, from what source, 
other than mechanical action, can we hope to obtain a 
supply of electricity sufficiently cheap and abundant to 
enable it to take the place of heat as a motive energy ? It 
is commonly said that we know so little of the nature ot 
electricity that it is impossible to set bounds to the means 
of obtaining it ; but ignorance is at least as liable to mis- 
lead in the direction of exaggerated expectation as in that 
of incredulity. It may be freely admitted that the nature 
of electricity is much less understood than that of heat, 
but we know that the two are very nearly allied. The 
doctrine that heat consists of internal motion of molecules 
may be accepted with almost absolute certainty of its truth. 
The old idea of heat being a separate entitv is no longer 
held except by those who prefer the fallacious evidence 
of their senses to the demonstrations of science. 
So also the old idea of electricity having a 
separate existence from tangible matter must be 
discarded, and we are justified in concluding that it is 
merely a strained or tensional condition of the molecules of 
matter. Although electricity is more prone to pass into 
heat than heat into electricity, yet we know that they are 
mutually convertible. In short I need scarcely remind 
you, that according to that magnificent generalization of 
modern times, so pregnant with great consequences, and 
for which we are indebted to many illustrious investiga- 
tors, we now know that heat, electricity, and mechanical 
action, are all equivalent and transposable forms of en- 
ergy, of which motion is the essence. 

To take a cursory view of our available sources of en- 
ergy, we have, firstly, the direct heating powers of the 
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sun's rays, which as yet we have not succeeded in apply- 
ing to motive purposes. Secondly we have water power, 
wind power, and tidal power, all depending upon influ- 
ences lying outside of our planet, And thirdly we have 
chemical attraction or affinity. Beyond these there is 
nothing worth naming. Of the radiant heat of the sun 
I shall have to speak hereafter,. and bearing in mind that 
we are in search of electricity as a cause, and not an 
effect, of motive power we may pass over the dynamical 
agencies comprised under the second head, and direct 
our attention to chemical affinity as the sole remaining 
source of energy available for our purpose. At present 
we derive motive power, from chemical attraction through 
the medium of heat only, and the question is, can we with 
advantage draw upon the same source through the me- 
dium of electricity. The process by which we obtain 
our supply of heat from the exercise of affinity is that of 
combustion, in which the substances used consist, on the 
one hand, of those we call fuel, of which coal is the most 
important, and on the other, of oxygen, which we derive 
from the atmosphere. The oxygen has an immense ad- 
vantage over every other available substance in being 
omnipresent and costless. The only money value in- 
volved is that of the fuel, and in using coal we employ 
the cheapest oxidizable substance to be found in nature. 
Moreover the weight of coal used in the combination is 
only about one-third of the weight of oxygen, so that we 
only pay upon one-fourth of the whole material con- 
sumed. Thus we have conditions of the most favor- 
able description for the production of energy, in the form 
of heat, and if we could only use the affinities of the same 
substances with equal facility to evolve electric energy 
instead of heat energy, there would be nothing more to 
desire ; but as yet there is no appearance of our being 
able to do this. According to our present practice we 
consume zinc, instead of coal, in the voltaic production 
of electricity, and not only is zinc thirty or forty times 
dearer than coal, but it requires to be used in about 
six-fold larger quantity in order to develop an equal 
amovmt of energy. Some people are bold enough to say 
that with our present imperfect knowledge of electricity 
we have no right to condemn all plentiful substances, 
other than coal, as impracticable substitutes for metallic 
zinc, but it is manifest that we cannot get energy from 
affinity, where affinity has already been satisfied. The 
numerous bodies which constitute the mass of our globe, 
and which we call earths, are bodies in this inert condi- 
tion. They have already, by the union of the two ele- 
ments composing them, evolved the energy due to corrv 
bination, and that energy has ages ago been dissipated in 
space in the form of heat, never again to be available to 
us. As well might we try to make fire with ashes, as to 
use such bodies over again as sources of either heat or 
electricity. To make them fit for our purpose, we should 
first have to annul their state of combination, and this 
would require the expenditure of more energy upon them 
than we could derive from their recombination. Water, 
being oxidized hydrogen, must be placed in the same 
category as the earths, fn short, the only abundant sub- 
stances in nature possessing strong unsatisfied affini- 
ties are those of organic origin, and in the absence of 
coal, which is the accumulated product of a past vegeta- 
tion, our supply of such substances would be insignifi- 
cant. This being the case, until a means be found of 
making the combination of coal with oxygen directly 
available for the development of electric energy, as it 
now is of heat energy, there seems to be no probability of 
our obtaining electricity from chemical action at such a 
cost as to supplant heat as a motive agent. 

But while still looking to heat as the fountain-head of 
our power, we may very possibly learn to transmute it, 
economically, into the more available form of electricity, 
One method of transformation we already possess, and 
we have every reason to believe there are others yet to 
be discovered. We know that when dissimilar metals 



are joined at opposite ends, and heated at one set of 
junctions while they are cooled at the other, part of the 
heat applied disappears in the process, and assumes the 
form of an electric current. Each couple of metals 
may be treated as the cell of a voltaic battery, and we 
may multiply them to any extent, and group them in 
series or in parallels, with the same results as are ob- 
tained by similar combinations of voltaic cells. The elec- 
tricity so produced we term Thermo-electricity, and the 
apparatus by which the current is evolved is the thermo- 
electric battery. At present this apparatus is even more 
wasteful of heat than the steam-engine, but considering 
the very recent origin of this branch of electrical science, 
and our extremely imperfect knowledge of the actions in- 
volved, we may reasonably regard the present thermo- 
electric battery as the infant condition of a discovery, 
which, if it follow the rule of all previous discoveries in 
electricity, only requires time to develop into great prac- 
tical importance. Now if we possessed an efficient ap- 
paratus of this description we could at once apply it to 
the steam-engine for the purpose of converting into elec- 
tric energy the heat which now escapes with the re- 
jected steam, and the gases from the fire. The vice of 
the steam-engine lies in its inability to utilize heat of com- 
paratively low grade, but if we cculd use up the leavings 
of the steam-engine by a supplemental machine acting on 
thermo-electric principles, the present excessive waste 
would be avoided. We may even anticipate that in the 
distant future a thermo-electric engine may not only be 
used as an auxiliary, but in complete substitution of the 
steam-engine. Such an expectation certainly seems to 
be countenanced by what we may observe in animated 
nature. An animal is a living machine dependent upon 
food both for its formation and its action. That poition 
of the food which is not used for growth or structural re- 
pair, acts strictly as fuel in the production of heat. Part 
of that heat goes to the maintenance of the animal tem- 
perature, and the remainder gives rise to mechanical ac- 
tion. The only analogy between the steam engine and 
this living engine is that both are dependent upon the 
combustion of fuel, the combustion in the one case being 
extremely slow, and in the other very rapid, fn the steam- 
engine the motion is produced by pressure, but in the 
animal machine it is effected by muscular contraction. 
The energy which causes that contraction, if not purely 
electrical, is so much cf that nature that we can produce 
the same effect by electricity. The conductive system of 
the nerves is also in harmony with our conception of an 
electrical arrangement. In fact a description of the 
animal machine so closely coincides with that of an elec- 
tro-dynamic machine actuated by thermo-electric'ty, 
that we may conceive them to be substantially the same 
thing. At all events, the animal process begins with 
combustion and ends with electrical action, or something 
so nearly allied to it as to differ only in kind. And now 
observe how superior the result is in nature's engine to 
what it is in ours. Nature only uses heat of low grade, 
such as we find wholly unavailable. We reject our steam 
as useless at a temperature that would cook the animal 
substance, while nature works with a heat so mild as not 
to hurt the most delicate tissue. And yet, notwithstand- 
ing the greater availability of high-grade temperature the 
quantity of work performed by the living engine rela- 
tively to the fuel consumed, puts the steam-engine to 
shame. How all this is done in the animal organization 
we do not yet understand, but the result points to the at- 
tainability of an efficient means of converting low-grade 
heat into electricity, and in striving after a method of 
accomplishing that object we shall do well to study na- 
ture, and profit by the excellence which is there displayed. 
But it is not alone in connection with a better utiliza- 
tion of the heat of combustion that thermo-electric ty 
bears so important an aspect, for it is only the want of 
an efficient apparatus for converting heat into electricity 
that prevents our using the direct heating action of the 



SCIENCE. 



531 



sun's rays for motive power. In our climate, it is true, 
we shall never be able to depend upon sunshine for power, 
nor need we repine on that account so long as we have 
the preserved sunbeams which we possess in the con- 
densed and portable form of coal, but in regions more 
favored with sun and less provided with coal the case 
would be different, The actual power of the sun's rays 
is enormous, being computed to be equal to melting a 
crust of ice 103 feet thick over the whole earth in a year. 
Within the tropics it would be a great deal more, but a 
large deduction would everywhere have to be made for 
absorption of heat by the atmosphere. Taking all things 
into account, however, we shall not be far from the truth 
in assuming the solar heat, in that part of the world, to 
be capable of melting annually, at the surface of the 
ground, a layer of ice 85 feet thick. Now let us see 
what this means in mechanical effect. To melt 1 lb. of 
ice requires 142.4 English units of heat, which, multiplied 
by 772, gives us 109,932 foot pounds as the mechanical 
equivalent of the heat consumed in melting a pound of 
ice. Hence we find that the solar heat, operating upon 
an area of one acre, in the tropics, and competent to 
melt a layer of ice 85 feet thick in a year, would, if fully 
utilized, exert the amazing power of 4000 horses acting 
for nearly nine hours every day. In dealing with the 
sun's energy we could afford to be wasteful. Waste of 
coal means waste of money and premature exhaustion of 
coal beds. But the sun's heat is poured upon the earth 
in endless profusion — endless at all events in a practical 
sense, for whatever anxiety we may feel as to the dura- 
tion of coal, we need have none as to the duration of the 
sun. We have therefore only to consider whether we 
can divert to our use so much of the sun's motive energy 
as will repay the cost of the necessary apparatus, and 
whenever such an apparatus is forthcoming we may ex- 
pect to bring into subjection a very considerable propor- 
tion of the 4000 invisible horses which science tells us 
are to be found within every acre of tropical ground. 

But whatever may be the future of electricity as a prime 
mover, either in a dominant or subordinate relation to 
heat, it is certain to be largely used for mechanical pur- 
poses in a secondary capacity, that is to say, as the off- 
spring instead of the parent of motive power. The most 
distinctive characteristic of electricity is that which we 
express by the word " current," and this gives it great 
value in cases where power is required in a transmissible 
form. The term may be objected to as implying a motion 
of translation analogous to the flow of a liquid through a 
pipe, whereas the passage of electricity through a conductor 
must be regarded as a wave-like action communicated from 
particle to particle. In the case of a fluid current through 
a pipe, the resistance to the flow increases as the square 
of the velocity, while in the case of an electric current the 
resistance through a given conductor is a constant propor- 
tion of the energy transmitted. So far therefore as resis- 
tance is concerned electricity has a great advantage over 
water for the transmission of power. The cost of the 
conductor will however be a grave consideration where the 
length is great, because its section must be increased in 
proportion to the length to keep the resistance the same. 
It must also be large enough in section to prevent heat- 
ing, which not only represents loss but impairs conductiv- 
ity. To work advantageously on this system, a high elec- 
tromotive force must be used, and this will involve loss by 
imperfect insulation, increasing in amount with the length of 
the line. For these reasons there will be a limit to the 
distance to which electricity may be profitably conveyed, 
but within that limit there will be wide scope for its em- 
ployment transmissively. Whenever the time arrives for 
utilizing the power of great waterfalls the transmission of 
power by electricity will become a system of vast impor- 
tance. Even now small streams of water inconveniently 
situated for direct application may, by the adoption of this 
principle, be brought into useful operation. 

For locomotive purposes also we find the dynamo- 



electric principle to be available, as instanced in the very 
interesting example presented in Siemens' electric rail- 
way, which has already attained that degree of success 
which generally foreshadows an important future. It 
forms a combined fixed engine and locomotive system of 
traction, the fixed engine being the generator of the 
power and the electric engine representing the locomo- 
tive. 

Steam power may both be transmitted and distrib- 
uted, by the intervention of electricity, but it will labor 
under great disadvantage when thus applied, until a thor- 
oughly effective electric accumulator be provided, capable 
of giving out electric energy with almost unlimited 
rapidity. How far the secondary battery of M. Faure 
will fulfill the necessary conditions remains to be seen, 
and it is to be hoped that the discussions which may be 
expected to take place at this meeting of the British As- 
sociation will enable a just estimate of its capabilities to 
be formed. The introduction of the Faure battery is at 
any rate a very important step in electrical progress. It 
will enable motors of small power, whatever their nature 
may be, to accomplish, by uninterrupted action, the effect 
of much larger machines acting for short periods, and by 
this means the value of very small streams of water will 
be greatly enhanced. This will be especially the case 
where the power of the stream is required for electric 
lighting, which, in summer, when the springs are low, 
will only be required during the brief hours of darkness, 
while in winter the longer nights will be met by a more 
abundant supply of water. Even the fitful power of 
wind, now so little used, will probably acquire new life 
when aided by a system which will not only collect, but 
equalize, the variable and uncertain power exerted by the 
air. 

It would greatly add to the utility of the Faure battery 
if its weight and size could be considerably reduced, for 
in that case it might be applicable to many purposes of 
locomotion. We may easily conceive its becoming avail- 
able in a lighter form lor all sorts of carriages on com- 
mon roads, thereby saving to a vast extent the labor of 
horses. Even the nobler animal that strides a bicycle, or 
the one of fainter courage that prefers the safer seat of a 
tricycle, may ere long be spared the labor of propulsion, 
and the time may not be distant when an electric horse, 
far more amenable to discipline than the living one, may be 
added to the bounteous gifts which science has bestowed 
on civilized man. 

In conclusion I may observe that we can scarcely suffi- 
ciently admire the profound investigations which have re- 
vealed to us the strict dynamical relation of heat and 
electricity to outward mechanical motion. It would be a 
delicate task to apportion praise amongst those whose la- 
bors have contributed, in various degrees, to our present 
knowledge ; but I shall do no injustice in saying that of 
those who have expounded the modern doctrine of en- 
ergy, in special relation to mechanical practice, the names 
of Joule, Clausius, Rankine, and William Thomson, will 
always be conspicuous. But up to this time our knowledge 
of energy is almost confined to its inorganic aspect. Of 
its physiological action we remain in deep ignorance, and 
as we may expect to derive much valuable guidance from 
a knowledge of Nature's methods of dealing with en- 
ergy in her wondrous mechanisms, it is to be hoped that 
future research will be directed to the elucidation of that 
branch of science which as yet has not even a name, but 
which I may provisionally term " Animal Energetics." 



The dark violet fluor-spar of Wolsendorf contains some 
strongly odorous substance, the nature of which has not 
hitherto been satisfactorily explained. From recent ex- 
periments (described to the Berlin Chemical Society,) Herr 
Low concludes that the smell is due to presence of fret 
fitiorine, arising on elevation of temperature through dis- 
sociation of a small quantity of flouride, (probably eerie 
fluoride). 



